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ABSTRACT 
Two b e r m e t i c a l l y - s e a l e d  induc t ion  motor -dr iven  c e n t r i f u g a l  pumps 
were t e s t e d  t o  de t e rmine  t h e i r  a b i l i t y  t o  s t a r t  on 400 he r t z  power i n  
NaK (eutect ic  sodium-potassium mixture) loops a t  70 t o  1300' F (294 
t o  976 K).  The NaK f low r e s i s t a n c e  was p r e s e t  by a f low c o n t r o l  v a l v e  
p r i o r  t o  each  s t a r t  and corresponded t o  NaK flow r a t e s  a f t e r  pump 
s t a r t  from z e r o  t o  40,000 l b h r  (18,160 k g h r )  . The two pumps s t a r t e d  
s u c c e s s f u l l y  on 400 he r t z  ower when the  i n d u c t i o n  motor s t a t o r  t e m -  
p e r a t u r e s  were 300 and 480 F (422 and 521 K) w i t h  NaK pump i n l e t  
t e m p e r a t u r e s  of 115 and 1300' F (319 and 976 K ) ,  r e s p e c t i v e l y .  Both 
pumps expe r i enced  s t a r t u p  d i f f i c u l t i e s  when the motor s t a t o r  tempera- 
t u r e s  were 70 t o  140' F (294 t o  333 K) w i t h  NaK a t  t he  pump i n l e t  a t  
t e m p e r a t u r e s  r a n g i n g  from 70 t o  600' F (294 t o  588 K). 
. 
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SUMMARY 
Two h e r m e t i c a l l y - s e a l e d  induc t ion  motor -dr iven  c e n t r i f u g a l  pumps 
were t e s t e d  t o  de t e rmine  t h e i r  a b i l i t y  t o  s ta r t  on 400 he r t z  power i n  
NaK loops  a t  70° F t o  1300O F (294 t o  976 K ) .  The NaK flow r a t e  a f t e r  
s t a r t  was p r e s e t  from z e r o  t o  40,000 l b h r  (18,160 kg/hr) by a f low 
c o n t r o l  v a l v e  p r i o r  t o  each  s t a r t .  The two pumps s t a r t e d  s u c c e s s f u l l y  
on 400 h e r t z  power when t h e  motor s t a t o r  t empera tu res  were 300 and 480' F 
(422 and 5 2 1  K) and t h e  l i q u i d  NaK t empera tu res  a t  t h e  pump i n l e t  were 
115 and 1300' F (319 and 976 K ) .  B o t h  pumps exper ienced  s t a r t u p  d i f f i -  
c u l t i e s  a t  low motor s t a t o r  t empera tu res  of  70 t o  140' F (294 t o  333 K) 
w i t h  NaK t empera tu res  a t  the  pump i n l e t  o f  70 t o  600° F (294 t o  588 K ) .  
The t e s t  r e s u l t s  i n d i c a t e  t h a t  t h e  SNAP-8 NaK pumps w i l l  s t a r t  q u i c k l y  
and r e l i a b l y  on 400 he r t z  power provided t h e  pump motor s t a t o r  tempera-  
t u r e s  a r e  main ta ined  n e a r  t he  des ign  o p e r a t i n g  v a l u e  of  350' F (450 K ) .  
INTRODUCTION 
SNAP-8 i s  a 35 k i l o w a t t  n u c l e a r - t u r b o e l e c t r i c  power system b e i n g  
developed f o r  u s e  i n  space .  The system o p e r a t e s  on a Rankine c y c l e  
and uses a n u c l e a r  r e a c t o r  a s  t h e  hea t  s o u r c e .  Three  l i q u i d - m e t a l  
loops  a r e  used f o r  h e a t  t r a n s f e r .  I n  t he  pr imary l o o p ,  h e a t  is t r a n s -  
f e r r e d  from the r e a c t o r  t o  a mercury b o i l e r  by an  e u t e c t i c  mixture of  
sodium and potass ium c a l l e d  NaK. Mercury vapor  d r i v e s  t he  t u r b i n e  
a l t e r n a t o r  assembly i n  t h e  two-phase power loop .  Heat is  t r a n s f e r r e d  
from t h e  mercury condenser  t o  a space  r a d i a t o r  by t h e  NaK h e a t  r e j e c t i o n  
loop .  A l l  th ree  l o o p s  use c e n t r i f u g a l  c i r c u l a t i n g  pumps d r i v e n  by 
e lec t r ic  motors .  During sys tem o p e r a t i o n ,  the  e l e c t r i c  power f o r  the  
pump motors i s  provided  by t h e  t u r b i n e  a l t e r n a t o r  assembly.  During 
sys t em s t a r t u p ,  pump power is  supp l i ed  by a v a r i a b l e  f requency  ba t t e ry -  
dr iven inverter. Normal  s t a r tu?  Crequency of the  NaK pumps is 45 h e r t z .  
One sys tem c o n f i g u r a t i o n  be ing  c o n s i d e r e d  uses nonopera t ing  backup 
pumps i n  t he  NaK loops .  If  an  o p e r a t i n g  pump f a i l s ,  t h e  backup pump 
would b e  used ,  a l lowing  fu l l -power  o p e r a t i o n  of t h e  sys tem t o  c o n t i n u e .  
Major sys tem p e r t u r b a t i o n  or shutdown and r e s t a r t  could  b e  avoided i f  
t h e  redundant  pump cou ld  be  e f f e c t i v e l y  s t a r t e d  and a c c e l e r a t e d  r a p i d l y  
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a t  t h e  s t e a d y - s t a t e  a l t e r n a t o r  frequency o f  400 h e r t z .  I t  was,  t h e r e f o r e ,  
c o n s i d e r e d  necessa ry  t o  exper imenta l ly  e s t a b l i s h  t h e  f e a s i b i l i t y  and 
r e l i a b i l i t y  of s t a r t i n g  a redundant  pump u n i t  on 400 h e r t z  a l t e r n a t o r  
power. 
L 
S t a r t  t e s t s ,  t h e r e f o r e ,  were conducted w i t h  two SNAP-8 NaK pumps 
u s i n g  400 h e r t z  power. The t e s t s  were p a r t  o f  an e x t e n s i v e  sys tem s t a r t u p  
and shutdown t e s t  program i n  t h e  SNAP-8 t e s t  f a c i l i t y  a t  the  Lewis Resea rch  
Cen te r .  One of  t h e  NaK pumps was i n  the  pr imary h e a t  s o u r c e  loop and 
t h e  o t h e r  i n  t he  h e a t  r e j e c t i o n  loop  of t h e  SNAP-8 t e s t  system. The 
pump i n l e t  NaK t empera tu res  ranged from 70 t o  1300' F (294 t o  976 K) , 
and the  pump motor s t a t o r  t empera tu res  ranged from 70 t o  480' F (294 
t o  5 2 1  K ) .  For each  pump, the NaK flow r e s i s t a n c e  was p r e s e t  by a flow 
c o n t r o l  v a l v e  p r i o r  t o  each  s t a r t .  By t h i s  method, t h e  NaK f low r a t e s  
a t t a i n e d  a f t e r  s t a r t u p  were v a r i e d  from z e r o  t o  40,000 l b / h r  (18,160 kg/hr) 
DESCRIPTION OF SNAP-8 TEST FACILITY 
The t e s t  f a c i l i t y  i n  which t h e  pumps were o p e r a t e d  was des igned  
f o r  performance t e s t i n g  of  an exper imenta l  SNAP-8 sys tem t h a t  u t i l i z e s  
a l l  o f  the  major SNAP-8 components with t h e  e x c e p t i o n  of the  r e a c t o r ,  
r a d i a t o r ,  p a r a s i t i c  l o a d  r e s i s t o r  and f l u i d  r e s e r v o i r s .  A computer- 
c o n t r o l l e d  e l ec t r i c  h e a t e r  was used t o  s i m u l a t e  the  r e a c t o r ,  and a i r  
coo led  h e a t  exchangers  were used t o  s i m u l a t e  t h e  h e a t  r e j e c t i o n  r a d i a t o r  
A fou r - loop  sys tem ( f ig .  1) was used  i n  the t e s t :  two NaK l o o p s ,  
one mercury loop  and an o i l  l oop .  The f o u r - l o o p  SNAP-8 t e s t  sys tem is  
d e s c r i b e d  i n  r e f e r e n c e  1. 
PUMP DESCRIPTION 
The NaK pump shown in  F i g u r e  2 and d e s c r i b e d  in  r e f e r e n c e  2 ; s  a 
he r ine t i ca l ly -  s ea l ed  unit  incorpora t ing  >il  a siiigle shaf t  a cent r i fuga l  pump, a 
"canned" 400 h e r t z  3-phase  induction motor ,  NaK lub r i ca t ed  t i l t ing-pad jou rna l  
and t h r u s t  bea r ings ,  and a n  interna: NaK lub r i can t -  coolant  r ec i r cu la t ion  
pump. Two i d e n t i c a l l y  des igned  NaK pumps a r e  u s e d ,  one i n  t h e  pr imary 
loop a t  an o p e r a t i n g  t empera tu re  of 1150' F (895 K ) ,  whi le  t h e  secondo 
i s  used i n  the  h e a t  r e j e c t i o n  loop  a t  an o p e r a t i n g  t empera tu re  of 450 F 
(505 K ) .  
(450 K) . Each pump weighs approximately 200 pounds (90 kg ) .  
The motors  f o r  b o t h  pumps a t  d e s i g n  c o n d i t i o n s  o p e r a t e  a t  350° F 
I n  t h i s  d e s i g n  no s t a t i c  or dynamic s h a f t  s e a l s  were n e c e s s a r y .  
A un ique  f e a t u r e  of  t h i s  pump i s  t h a t  t h e  h e a t  from t h e  h o t  NaK is 
t h e r m a l l y  i s o l a t e d  from t h e  motor by minimizing the  h e a t  conduct ion  
p a t h s  between the  two. This is done by p r o v i d i n g  t h e  s h a f t  and hous ing  
w i t h  a c l o s e  c l e a r a n c e  i n  t h e  a r e a  between the  pump i m p e l l e r  and t h e  
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motor.  T h i s  c l o s e  c l e a r a n c e  annulus forms a nominal s e a l  p r e v e n t i n g  any 
s u b s t a n t i a l  i n t e r c h a n g e  of t h e  h o t  NaK b e i n g  pumped with the c o o l e r  NaK 
i n  the motor c a v i t y .  This l i m i t e d  NaK o x i d e  p r e c i p i t a t i o n  i n  the  b e a r i n g  
a r e a .  Any ox ides  t h a t  do  m i g r a t e  i n t o  t h e  b e a r i n g  a r e a  a r e  removed 
i n  the  r e c i r c u l a t i o n  loop  where co ld  t r a p p i n g  t a k e s  p l a c e .  
The NaJS pump has  i t s  own s e l f - c o n t a i n e d  l u b r i c a n t - c o o l a n t  loop .  
The NaK r e c i r c u l a t i o n  loop c o o l s  t h e  motor and s u p p l i e s  t h e  b e a r i n g s  
w i t h  o x i d e - f r e e  NaK. I t  c o n s i s t s  of an  i n t e r n a l  NaK l u b r i c a n t - c o o l a n t  
r e c i r c u l a t i o n  pump, an economizer,  a h e a t  exchanger c o l d  t r a p ,  and a 
f i l t e r .  The r e c i r c u l a t i o n  i m p e l l e r  pumps the NaK from t h e  motor c a v i t y  
t h r o u g h  t h e  r e c i r c u l a t i o n  loop.  Oxides a r e  p r e c i p i t a t e d  o u t  i n  t h e  
h e a t  exchanger c o l d  t r a p  which is cooled by t h e  o i l  c o o l a n t  f l u i d .  
The economizer adds  h e a t  t o  the NaK l e a v i n g  t h e  c o l d  t r a p  t o  p r e v e n t  
ox ide  removal i n  t h e  f i l t e r .  The f i l t e r  is used on ly  t o  remove f o r e i g n  
p a r t i c l e s .  
INST RUMENTATI ON 
I n s t r u m e n t a t i o n  n e c e s s a r y  t o  e v a l u a t e  pump performance d u r i n g  s t a r t s  
c o n s i s t e d  o f :  f lowmeters ;  thermocouples;  power, c u r r e n t  and v o l t a g e  
t r a n s d u c e r s ;  and e l e c t r o m a g n e t i c  speed p i ckups .  The pr imary  NaK,flow 
was measured by an  e l e c t r o m a g n e t i c  (EM) f lowmeter ,  w h i l e  i n  the h e a t  
r e j e c t i o n  loop ,  an  EM flowmeter and a c a l i b r a t e d  v e n t u r i w e r e  used .  
D e s c r i p t i o n  of the i n s t r u m e n t a t i o n ,  r a n g e s ,  a c c u r a c i e s  and methods of  
c a l i b r a t i o n  a r e  g i v e n  i n  reference 3 .  
RESULTS AND DISCUSSION 
The f i rs t  pump s t a r t u p  t e s t  series was performed on the pumps w i t h  
t he  pr imary  NaK loop (PNL) t empera tu res  a t  1300' F (976 K) and t h e  h e a t  
r e j e c t i o n  loop t e m p e r a t u r e  (HRL) a t  115' F (319 K ) .  The pump motor s t a t o r  
t e m p e r a t u r e s  f o r  the  PNL and HRL pumps were 480° F ( 5 2 1  K) and 300' F 
(422 K) r e s p e c t i v e l y .  A s  shown i n  f i g u r e  1, each  pump had a f low c o n t r o l  
v a l v e  (VU5 and V314). P r i o r  t o  each s t a r t u p ,  t h e  c o n t r o l  v a l v e  was 
a d j u s t e d  t o  a l l o w  the d e s i r e d  NaK flow a t  pump d e s i g n  speed  of  5800 rpm 
a t  400 h e r t z  power. For t h i s  f irst  t e s t  s e r i e s ,  the t a b u l a t e d  s t a r t u p  
d a t a  and the  s t r i p  c h a r t  r e c o r d e r  t r a c e s  f o r  b o t h  pumps a r e  shown i n  
t a b l e  I and figures 3 and 4. The time column i n  the t a b l e  is  t h e  t i m e  
r e q u i r e d  t o  r e a c h  d e s i g n  pump speed  and is based  on the t i m e  f o r  a t t a i n -  
ment of s t e a d y - s t a t e  motor c u r r e n t  o f  app rox ima te ly  18 amperes. The 
d i f f e r e n c e  of abou t  3 amperes i n  s t e a d y - s t a t e  c u r r e n t  between the  two 
pumps is due t o  d i f f e r e n c e s  i n  the des ign  o f  the motor s t a t o r s  which 
r e s u l t e d  i n  the PNL pump r e q u i r i n g  about one k i l o w a t t  g r e a t e r  power 
t h a n  the  HRL pump ( re f .  I ) .  
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A l l  s t a r t s  a t t empted  i n  t h i s  f i r s t  t e s t  s e r i e s  were s u c c e s s f u l .  
Each t i m e ,  d e s i g n  speed  was a t t a i n e d  i n  a r e l a t i v e l y  s h o r t  t i m e .  S i n c e  
t h i s  t e s t  s e r i e s  covered  a wide r a n g e  of NaK t e m p e r a t u r e s  (115 and 
1300° F ) ,  it is b e l i e v e d  t h a t  t h i s  v a r i a b l e  is n o t  o f  pr imary  impor tance  
i n  pump s t a r t i n g .  As shown i n  t a b l e  I and f igures  3 and 4 ,  t h e  a c c e l -  
e r a t i o n  t imes were a f f e c t e d  somewhat by t he  NaK f low s e t t i n g .  For the 
pr imary  pump, w i t h  a motor t empera tu re  o f  480' F (521 K) , the  a c c e l e r a -  
t i o n  t imes ranged  from 2.5 t o  3.5 seconds a s  t h e  e q u i l i b r i u m  ( o r  f i n a l )  
f low was i n c r e a s e d  from 10,000 t o  40,000 l b s / h r  (4,540 t o  18,160 k g h r ) .  
The h e a t  r e j e c t i o n  loop  pump, w i t h  a motor t e m p e r a t u r e  o f  300' F (422 K),  
had an i n c r e a s e  i n  a c c e l e r a t i o n  t i m e  from 3 t o  6 s econds  a s  the  f i n a l  
flow r a t e  was i n c r e a s e d  from 10,000 t o  40,000 l b s / h r  (4340 t o  18,160 
k g h r )  . 
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For the second t e s t  s e r i e s ,  t h e  primary NaK t e m p e r a t u r e  a t  t h e  
pump i n l e t  v a r i e d  from abou t  150 t o  600' F (338 t o  588 K) w h i l e  t h e  
pr imary  pump motor s t a t o r  t e m p e r a t u r e  v a r i e d  from 100 t o  140' F (311 
t o  333 K ) ,  due  t o  a r equ i r emen t  of m a i n t a i n i n g  power t o  the  pr imary  
NaK loop e l e c t r i c  h e a t e r  ( r e a c t o r  s i m u l a t o r ) .  The h e a t  r e j e c t i o n  loop  
pump NaK and motor t e m p e r a t u r e s  were main ta ined  a t  70' F (294 K). The 
t a b u l a t e d  and s t r i p  c h a r t  d a t a  f o r  bo th  pumps a r e  shown i n  t a b l e  I1 
and figures 5 ,  6 ,  7 ,  and 8. 
The i n i t i a l  s t a r t  of the primary pump on 400 h e r t z  power a t  a pump 
i n l e t  NaK t e m p e r a t u r e s  of  150° F (338 K) was u n s u c c e s s f u l .  The pump 
r e q u i r e d  a 60 h e r t z  s t a r t  fo l lowed  by t r a n s f e r  t o  400 h e r t z  power. 
The r ema in ing  s t a r t s  on 400 h e r t z  power w i t h  NaK a t  the  pump i n l e t  a t  
t e m p e r a t u r e s  of  150° F (338 K) and h i g h e r  were s u c c e s s f u l .  Both pumps, 
however, expe r i enced  d i f f i c u l t y  i n  a t t a i n i n g  d e s i g n  c u r r e n t  and speed  
a t  t h e  p r e s e t  f low c o n d i t i o n s .  The primary pump n e v e r  a t t a i n e d  t h e  
40,000 l b s / h r  (18,160 kg /h r )  NaK flow r a t e  while t h e  HRL pump neve r  
a t t a i n e d  the 30,000 and 40,000 l b s h r  (13,620 and 18 ,160  kg/hr) flow 
r a t e .  Dur ing  t h e  t e s t s ,  t h e  pumps were n o t  a l lowed t o  o p e r a t e  f o r  
ex tended  p e r i o d s  of t i m e  a t  c u r r e n t s  nea r  the  peak  or s t a r t i n g  c u r r e n t  
of  48 amperes. Continuous pump o p e r a t i o n  a t  the  p e a k  c u r r e n t  cou ld  
r e s u l t  i n  e x c e s s i v e  motor s t a t o r  t empera tu res  and e v e n t u a l  motor damage. 
The a c c e l e r a t i o n  t imes of the s t a r t u p s  where the pumps a t t a i n e d  t h e  
5800 rpm d e s i g n  speed  w i t h  low pump motor s t a t o r  t e m p e r a t u r e s  ranged  
from 9 .8  t o  31  seconds  f o r  t h e  primary pump and from 9 .5  t o  45.2 seconds  
f o r  the  h e a t  r e j e c t i o n  l o o p  pump. 
CONCLUDING REMARKS 
The tests t h a t  were made t o  i n v e s t i g a t e  the s t a r t u p  c h a r a c t e r i s t i c s  
of  the  SNAP-8 NaK pumps on 400 her tz  power y i e l d e d  the  f o l l o w i n g  resu l t s :  
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1. A l l  of the pump s t a r t s  a t  motor s t a t o r  t e m p e r a t u r e s  of 300 and 
480° F (422 and 521 K) were s u c c e s s f u l .  The pump d e s i g n  speed  was a t t a i n e d  
i n  a r e l a t i v e l y  s h o r t  time w i t h  a NaK t e m p e r a t u r e  r,ange o f  115 t o  1300' F 
(319 t o  976 K) a t  t h e  pump i n l e t .  I 
2 .  The f a s t e s t  a c c e l e r a t i o n s  f o r  each  NaK f low were  a t t a i n e d  w i t h  
a motor s t a t o r  t e m p e r a t u r e  of 480' F (521  K) and a NaK t e m p e r a t u r e  of  
1300° F (976 K) a t  the  pump i n l e t .  
a c c e l e r a t i o n  times ranged from 2 .5  t o  3 .5  seconds  a s  NaK f low was i n -  
c r e a s e d  from 10,000 t o  40,000 l b s / h r  (4,540 t o  18 ,160  k g / h r ) .  
i n l e t  NaK t e m p e r a t u r e  of  on ly  1 1 5 O  F (319 K) a c c e l e r a t i o  
from 3 t o  6 seconds  a s  NaK f low was i n c r e a s e d  from 10 ,000  t o  40,000 
l b s / h r  (4,540 t o  18,160 k g h r )  . 
A t  t h i s  t e m p e r a t u r e  c o n d i t i o n ,  
3. A t  a motor s t a t o r  t empera tu re  o f  300' F (422 K) and a pump 
t \ i m e s  ranged  7 ;  
4. When the pump motor s t a t o r  t empera tu res  were i n  t h e  r a n g e  of  
70 t o  140' F (294 t o  333 K) , pump des ign  speed  of 5800 rpm was n o t  a t t a i n e d  
i n  f o u r  o f  t h e  t e n  s t a r t u p  a t t e m p t s .  I n  one s t a r t ,  the  pump would n o t  
r o t a t e  a t  a l l  on 400 h e r t z  power. For t h e s e  motor t e m p e r a t u r e s ,  t h e  
NaK t e m p e r a t u r e  r a n g e  was 70 t o  600° F (294 t o  588 K ) .  
speed  of 5800 rpm was a t t a i n e d ,  the a c c e l e r a t i o n  t imes v a r i e d  from 9 . 5  
t o  45.2 seconds  over  a NaK flow range  o f  z e r o  t o  30,000 l b s / h r  (13,620 
k g h r )  . 
When pump d e s i g n  
The above r e s u l t s  i n d i c a t e  t h a t  the SNAP-8 NaK pumps w i l l  s t a r t  
r e l i a b l y  and q u i c k l y  on 400 h e r t z  power p rov ided  t h e  pump motor s t a t o r  
t e m p e r a t u r e s  a r e  ma in ta ined  a t  approximate ly  the d e s i g n  o p e r a t i n g  v a l u e  
o f  350° F (450 K ) .  
s t a r t i n g  t o r q u e  of i n d u c t i o n  motors is p r o p o r t i o n a l  t o  r o t o r  r e s i s t a n c e  
which i n c r e a s e s  w i t h  t e m p e r a t u r e .  
T h i s  c o n j e c t u r e  is s u p p o r t e d  by t h e  f a c t  t h a t  the  
F u r t h e r  tests a r e  r e q u i r e d  t o  o b t a i n  more comple te  pump-s t a r t i ng  
i n f o r m a t i o n .  A l s o ,  a d d i t i o n a l  s t a r t  t e s t i n g  i s  r e q u i r e d  t o  de t e rmine  
t h e  e f f e c t  o f  f a b r i c a t i o n  t o l e r a n c e s .  
L e w i s  Resea rch  C e n t e r ,  
N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n ,  
C leve land ,  Ohio,  October  2 2 ,  1969 
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Speed x 1 0  
RPM PPH KGPH 
0-5800 0-10 0-  4.54  
0-5800 0-20 0-  9.08  
0-5800 I 0-30 0-13.62 
0-5800 0-40 0-18.16 
NaK PMA START TESTS WITH MOTOR STATOR 
TEMPERATURES OF 300 AND 480' F 
(PA C u r r e n t  
Peak S t a t e  
N -Ampere T i m e  
Steady Sec .  
O F  
43 1 7 . 5  2.5 1300 
43 1 9 . 5  3 .5  1300 
43 20.0 3 .5  1300 
43 21.3 3 .5  1300 





0-10 0-  4.54  44.4 14 .0  3 .0  
0-20 0-  9.08  44 .4  15 .0  4.0 
0-30 0-13.62 44.4 1 7 . 5  4 .5  
0-40 0-18.16 44 .1  1 8 . 8  6 .0  
I HEAT REJECTION LOOP NaK PMA 
115 319 
1 1 5  319 
115 319 
115 319 
300 42 2 
300 42 2 
300 42 2 

























Mot o r  





NaK PMA START TESTS WITH MOTOR STATOR 
TEMPERATURES OF 70 AND 140' F 









PRIMARY NaK PMA 
I Flow A Cur ren t  1 
I Speed K -
OF 
T i m e  
S t a t e  
t a t o r  
OK 












47.6) 2 2 . 5  I 30.0 
47.6 
47.6 2 I 0-4400 10-40 0-18.16 
1 NaK PMA would n o t  s t a r t  i n i t i a l l y  an 400 h e r t z .  S t a r t e d  on 60 
h e r t z  and t r a n s f e r r e d  t o  400 h e r t z .  
2 NaK PMA speed  would n o t  i n c r e a s e  beyond 4400 rpm. 












































0-10 I t o -  4.54 




I 0-40 '0 -18 .16  
1 NaK PMA speed  would n o t  i n c r e a s e  beyond i n d i c a t e d  speed .  
8 





I Heat exchanger cold t rap I 
I I 
Oi l  coolant 
4 
CD -10125-22 
NaK pump cross section. 
Figure 2. - Views of SNAP-8 NaK pump. 
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